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SUDEPWe report the case of a 69-year-old woman who presented with recurring episodes of mental confusion/
dizziness followed by loss of consciousness, intense pallor, and sweating. Cardiologic investigations were unre-
markable. The electroencephalogram recorded during one typical episode allowed the demonstration of a right
frontotemporal seizurewith progressive bradycardia leading to a 9-second asystole. Following levetiracetam treat-
ment up to 2500 mg/day, seizures with ictal asystole (IA) recurred. An MRI compatible pacemaker was then im-
planted. At 26-month follow-up, the patient has not had further episodes of loss of consciousness. A systematic
review (1950–Apr 2014) searching for cases in which IA was an early manifestation of epilepsy led to the observa-
tion of 31 cases. The time lag between the ﬁrst seizures and the correct diagnosis of IA was long (average:
27 months; median: 12 months). Clinical history alone was not sufﬁcient to prompt a correct diagnosis of IA, and
only 11 out of 31 cases presented with symptoms suggestive of a seizure disorder. The majority of patients had a
frontotemporal epilepsy with a slight prevalence of left-side involvement (19 out of 31).
Ictal bradycardia–asystole is an important condition that should be recognized by epileptologists, neurologists, as
well as emergency department physicians. It is important to underscore that IA not only can occur in patients
with drug-resistant epilepsy but also may be the ﬁrst manifestation of the patient's epilepsy.
© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Epileptic seizures can inﬂuence the heart, and in particular, they fre-
quently generate changes in heart rate (HR) [1]. Sinus ictal tachycardia
(IT), deﬁned as an increase inHRhigher than thebaseline plus one-third
[2], is the most frequently found arrhythmia (accounting for 80–100%
of all seizures). It has generally no cardiac consequences, and it can
anticipate the beginning of the seizure or occur simultaneously with it
[3].
A less frequently observed arrhythmia is sinus ictal bradycardia
(IB); deﬁned as an R–R interval is greater than 2 s [4]. Ictal bradycardiaerms of the Creative Commons
which permits non-commercial
d the original author and source
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vannini),
. This is an open access article undercan be found in b6% of seizures. A severe slowing of the HR leading to
asystole is called “ictal bradycardia syndrome”. Ictal asystole (IA) is de-
ﬁned as the absence of ventricular complexes for N4 s accompanied by
electrographic seizure onset [5]. Ictal asystole is a rare condition that
can be found in 0.27–0.4% of patients undergoing video-EEGmonitoring
[6,7]. The asystole usually follows changes in the scalp-recorded EEG
even if, in some cases, cardiac rhythm changes precede an obvious
EEG discharge. Ictal asystole always goes along with a diffuse slowing
and ﬂattening of the electrical brain activity seen on the EEG that possi-
bly causes the interruption of the ictal activity itself by an anoxic–
ischemic mechanism [8,9]. Clinically, the IA corresponds to a loss of
consciousness and a loss of muscle tone that sometimes may be accom-
panied bymyoclonic components. This kind of autonomic dysregulation
is generally found in focal chronic epilepsies: 80% of IA cases are associ-
ated with temporal lobe epilepsy (TLE) [10,11], while the remaining
20% are linked to extra-TLE (mainly frontal lobe epilepsy) [12].
To obtain relevant clinical information on IA when it occurs as an
early (or as ﬁrst) clinical symptom in the patient's epilepsy history, we
present a personal experience in a single case and a systematic review
(without meta-analysis, narrative) on this topic.the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
Fig. 1. Flowchart illustrating the literature review process.
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2.1. Case report
We, hereby, present a case of IA in a patientwith new-onset epilepsy
observed in our neurology ward.
2.2. Systematic literature search
We conducted a systematic review of the literature available in
PubMed (1950–Apr 2014), searching for cases in which ictal asystole
was documented (EEG with ECG registration) as an early manifestation
in a new-onset epilepsy or in a newly diagnosed epilepsy [13]. We,
therefore, included cases in which IA was a clinical symptom that
prompted the diagnosis of epilepsy. We also included cases with an al-
ready established epilepsy diagnosis whose seizures had not already
failed to respond to adequate trials of two tolerated, appropriately cho-
sen antiepileptic drug schedules (whether asmonotherapies or in com-
bination) to achieve sustained seizure freedom. As a consequence, we
excluded all the cases in which ictal asystole was observed in the con-
text of drug-resistant epilepsy (as deﬁned by the authors themselves).
The search keywords used, according to the MeSH terms, were the
following: “EpilepsyANDAsystole OR Ictal Asystole OR Ictal bradycardia
syndrome OR Ictal Bradycardia”.
The initial search identiﬁed 829 citations. After data analysis and
extraction, we identiﬁed 29 reports of suspected ictal asystole in new-
onset/newly diagnosed epilepsy, but eight articleswere ﬁnally excluded
because they lacked a clear EEG/ECG coregistration of the phenomenon
(see ﬂowchart, Fig. 1).
The primary outcomes of the review were to evaluate the time lag
between the ﬁrst episode of loss of consciousness and the diagnosis of
ictal asystole and to deﬁne the ictal clinical symptoms associated with
or preceding loss of consciousness. We also evaluated the following:
lobar involvement, etiology, hemispheric lateralization of the seizure,
and therapy (AEDs chosen and pacemaker implantation).
3. Case presentation
A 69-year-old woman came to the emergency department for recur-
ring episodes over the previous month characterized by mental confu-
sion, light-headedness, and dizziness followed by loss of consciousness,
with intense pallor and sweating. Recovery was quite rapid (20–40 s),
and no postictal aphasia or other deﬁcits were reported. Interictal neuro-
logical examination was normal.
In her past medical history, the relevant elements were as follows: a
thyroid papillary tumor treatedwith thyroidectomy (16 years before), a
catamenialmigraine (since her youth), ameningiomaof the left cavern-
ous sinus treated with surgery (11 years before) followed by gamma-
knife radiosurgery (5 years before), and a right frontal meningioma
treated with gamma-knife radiosurgery (the year before).
The carotid sinus massage and the tilt-table test were both negative
for vasovagal syncope and orthostatic hypotension. The cardiologic in-
vestigations performed (transthoracic echocardiography and Holter
ECG) were also unremarkable.
Even if the semiology of the events was not suggestive of seizures/
epilepsy, this possibility was considered (multiple meningiomas).
Indeed, a prolonged EEG monitoring allowed the recording of one typi-
cal episode demonstrating a right frontotemporal epileptic seizure with
progressive bradycardia leading to a 9-second asystole (Fig. 2A). The
brain MRI conﬁrmed the presence of multiple meningiomas together
with postactinic gliosis of the right temporal lobe (Fig. 2B).
Since there were no modiﬁcations from the previous MRI, a neuro-
surgical intervention to remove the right frontotemporal meningioma
was not considered a priority, also taking into account the previous neu-
rosurgical history of the patient and the presence of postradiotherapy
white matter changes in the right temporal lobe that could have had,per se, a role in the ictogenesis of the patient's seizures. An appropriate
antiepileptic drug (AED) therapy was then started with levetiracetam
progressively titrated to 1500 mg/day. The patient remained seizure-
free for amonth, after which, a seizurewith IA and falls recurred. Firstly,
the AED therapy was increased to 2500 mg/day; however, since the pa-
tient presented with two IA events in the following month, she was
readmitted to the hospital, and a dual-chamber MRI-compatible pace-
maker was implanted.
Fig. 2.A.Duringhyperventilation, rhythmic theta activity and spikes started from the right frontotemporal regions. The ECG trace showed a baselineHR of approximately 80bpm. 27 s after
the beginning of the seizure, the HR dropped; after 47 s, an asystole lasting for 9 s appeared, then the baseline cardiac rhythm returned. During the asystole, the EEG showed
hypersynchronous slowing and amplitude increasing of the background electrical activity. Then the brain electrical activity ﬂattened, and the patient presentedwith loss of consciousness.
B. Coronal IR sequence (left panel)with gadolinium showing ameningioma of the left cavernous sinus (white arrow) and ameningiomaof the right frontotemporal convexity (red arrow).
Coronal FLAIR image (right panel) showing postactinic white matter hyperintensity of the right temporal lobe.
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loss of consciousness, and no arrhythmia was recorded by the
pacemaker.4. Discussion
The relations between seizures and the heart are very complex. The
pathogenesis of these events is not completely and clearly understood.
These arrhythmic events could easily occur in patients without any car-
diac alterations. The mainstream theory is that the seizures may lead to
the involvement and the stimulation of a circuit comprising the insula,
the cingulate cortex, the amygdala, and the hypothalamus. This circuit
regulates the cardiac functions through the connections to the
brainstem and the spinal cord nuclei [14]. The ictal bradycardia
syndrome could be found in patients with a long-lasting history of
epilepsy, in particular of refractory epilepsy caused by a continuing
impairment of the neurocardiac regulatory system as a result of repeatedseizures and,maybe, AED treatment. The impairment of the neurocardiac
regulatory system iswell demonstrated by the lower heart rate variability
(HRV) in patients with TLE [15]. This canmake patientsmore susceptible
also toﬁbrillation and tachyarrhythmias [16–18]. In these cases, IA should
be particularly suspected if the usual semiology of seizures occur together
with syncopal episodes [19–21]. On the contrary, the presented case
demonstrates clearly that IA can be the only and the ﬁrst ictal manifesta-
tion of new-onset epilepsy, and for this reason, it could be easily
overlooked.4.1. Treatment choices in the presented case
As there are no guidelines to address the management of ictal
arrhythmias, we focused on the decision-making process of implanting
a pacemaker [22]. Even if these events are generally benign and self-
limited, it is theorized that they could contribute to SUDEP, although a
link of the IA with SUDEP is still missing [23]. When an IA is detected,
Table 1
Reviewed studies.
Ref. Age Sex Baseline EKG Duration before
diagnosis
Lobe MRI/etiology Side Asystole
duration
AED before
diagnosis
AED after
diagnosis
Pacemaker
implantation
(years)
Fincham R.W. et al. [27] 68 M UNK Some w O Posttraumatic R 33 – PHT Yes
Reeves A.L. et al. [28] 60 M Run of SVT 3 y T Normal R 6 – CBZ No
Fuhr and Leppert [4] 69 M Normal First episode FT Not performed R 5 UNK UNK UNK
Rugg-Gunn et al. [7] 34 M Normal 1 y Bil Normal Bil 25–30 PHT, CBZ PHT, CBZ Yes
Dubois-Teklali F. et al. [29] 2 M Normal 9 m T Normal L 20 – VPA, OXCBZ Yes
Carinci V. et al. [30] 78 M UNK 2 d FT Previous clipping of intracranial aneurysm L 10 – – Yes
Ghearing G. et al. [31] 72 F Normal 3 y T Normal L 4 – UNK UNK
Bae E.K. et al. [32] 61 F 2nd degree AV block 7 m T Normal L UNK – LEV Yes
Dinan A. et al. [33] 59 M Normal 4 d T Ischemic changes in insular region L 4 – LEV Yes
Enkiri S. et al. [34] 38 M Normal Some d F Normal L 22.5; 8.5; 24.5 – OXCBZ No
Schuele S.U. et al. [35] 14 F Normal b1 y T Normal L 33 LEV LEV Yes
13 F Normal 1 y Vertex Normal – 5 LEV LEV Yes
Kouakam C. et al. [36] 37 F Normal 4 y T Normal L 30 – VGB, CBZ No
77 F 1st degree AV block 5 y T Posttraumatic R 10 – CBZ No
47 F Normal 2 y T Normal R 30 – VGB Yes
54 F Normal 8 y T Normal L 15 – OXCBZ, CLB No
52 M Normal 1 y T Normal L 30 – CBZ No
21 F Normal 2 y T Normal L 27 – CBZ, TPM Yes
29 F Normal 18 y T Normal L 12 – LTG No
83 F Normal 3 y T Normal R 20 – OXCBZ No
34 F Normal m T HS L 40 – CBZ, LEV No
Novy J. et al. [37] 46 M Normal 5 y T Normal L 7 – VPA Yes
Lanz A. et al. [38] 41 M Normal 1 y T Normal R 25 CBZ, PRI CBZ Yes
63 F Left bundle brunch block 14 m FT DNET L 34 TPM – Yes
Lee et al. [39] 41 F Normal Some w T Anti-NMDAR encephalitis L 15 – Steroids, TPM, LEV Yes
Marynissen T. et al. [40] 48 M Atrial ﬁbrillation 2 y T Normal UNK 15 – YES Yes
(Not spec)
Millichap J.J. et al. [41] 15 F Normal 1 m T Anti-NMDAR encephalitis L 22 – IVG, PHT, LEV, PB, Steroids Yes
Strzelczyk A. et al. [42] 66 F Normal 5 y T Normal R 21 – VPA Yes
Kang D.Y. et al. [43] 54 M UNK 2 y T Normal L 40 CBZ CBZ Yes
Wittekind S.G. et al. [25] 32 M Normal 16 m FT Normal R 18.5 – LEV Yes
Heerey et al. [44] 24 F Normal 1 y T Normal L 30 LEV, LCS LEV, LCS Yes
Present study 69 F Normal Some m T Meningiomas and gliosis R 9 – LEV Yes
F, female; M, male; d, days; m, months; y, years; T, temporal; FT, frontotemporal; L, left; R, right; Bil, bilateral; SVT, supraventricular tachycardia; HS, hippocampal sclerosis; CBZ, carbamazepine; CLB, clobazam; GBP, gabapentin; LEV, levetiracetam;
LCS, lacosamide; LTG, lamotrigine; OXCBZ, oxcarbazepine; PHT, phenytoin; PRI, primidone; TPM, topiramate; VGB, vigabatrin; VPA, valproic acid; IVG, intravenous globulin; UNK, unknown.
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pacemaker is often implanted [5,24]. However, the beneﬁt of cardiac
pacing in patients with IA has not been conﬁrmed. In a clinical series
of patients with IA, the beneﬁts of the pacemaker implantation during
long-term follow-up were not clear since the recurrence rate of IA was
lower than expected, and, therefore, there was no need for the
pacemaker activation [2]. Since, in our case, the patient did not have re-
fractory epilepsy (it was a new epilepsy diagnosis), we ﬁrst tried to
achieve seizure control (preventing asystole too)with an effectivemed-
ical therapy. Indeed, it has been suggested that if one achieves, medical-
ly or surgically, seizure freedom, there is no risk of further asystole, so
the pacemaker's implantation could be avoided [25]. Contrarily, if sei-
zure freedom could not be achieved and there is persistence of IA, a
pacemaker implantation shall be taken into account, as it was in our pa-
tient [26].
4.2. Literature review
There are relatively few reported cases of ictal asystole in the context
of a new-onset/newly diagnosed epilepsy. Twenty-one articles in 31 pa-
tients (18 females)were fully analyzed [4,7,25,27–44] (see Table 1). The
asystolewas self-limiting in every case and lasted 20 s on average (rang-
ing from 4 to 40 s).
Notably, the time between the ﬁrst presentation of epilepsy and the
diagnosis of ictal asystole was, on average, 27 months (median:
12 months), ranging from 1 day to 18 years.
Interestingly, subjective symptomatology suggestive of a focal sei-
zure preceding loss of consciousness was reported in only seven out of
31 cases: visual illusion [27], hallucinations [36], jamais vu [43], fear
[37], psychic aura [35], and epigastric auras [28,42]. Ictal motor behav-
iors suggestive of a seizure disorder (tonic and clonic contractions and
automatisms) were described in four patients [31,34–36]. Finally,
postictal confusion or focal neurological deﬁcit was described in seven
cases [4,25,29,30,36,40,43]. Overall, in the majority of cases, as in the
described patient, seizure-related auras or ictal seizure-related semiolo-
gy was lacking: blurred vision, dizziness, nausea, and light-headedness
were the most commonly reported symptoms.
The average age at presentation was 46 years (ranging from 2 to
83 years, median: 47 years). In ﬁve cases, interictal alterations of the
basal ECG were described, and this could be identiﬁed as a further risk
factor. The majority of patients had a frontotemporal epilepsy with a
slight prevalence of left side involvement (19 out of 31 cases), supporting
the idea that there is not a strict side effect [45,46], even if previous
ﬁndings suggested a “lateralization hypothesis” where the right-sided
seizures would result in tachycardia and the left-sided seizures in brady-
cardia [47–50]. Interestingly, in two patients, the IA was observed in the
context of an anti-NMDA receptor encephalitis [39,41], a condition that
involves a more generalized autonomic dysregulation.
The majority of patients had no AED therapy at the time of ictal
asystole diagnosis (24/31). In the majority of cases (21 patients out of
31), a pacemaker was implanted. Antiepileptic drug therapy was
begun after the diagnosis of IA in all but two patients. Interestingly,
only four out of 31 patients had sodium channel blocker drugs before di-
agnosis. Therefore, amajor causalmechanismof these drugs in inducing
IA can be ruled out in this context.
We would like to highlight the importance of ECG–EEG monitoring
in diagnosing the real cause of a recurrent unexplained loss of con-
sciousness [21]. In fact, the time elapsed between ﬁrst seizures and IA
diagnosis was, on average, more than two years. This delay in correct
diagnosis can potentially expose the patient to risks of traumatic falls
and, theoretically, to sudden unexplained death in epilepsy (SUDEP)
[51–55]. Notably, the absence in the clinical patient's history of symp-
toms or signs suggesting the diagnosis of a seizure disorder is insufﬁ-
cient to exclude IA. Indeed, only a minority of patients with IA
presented with signs/symptoms suggestive of seizures/epilepsy. There-
fore, an EEG with ECG monitoring is mandatory in these cases.5. Conclusions
Ictal asystole is an important condition that should be recognized by
epileptologists, neurologists, aswell as emergency department physicians
as the nonrecognition of this entity leads to a misdiagnosis (syncope)
with consequences that can be dangerous for the patient. In particular,
it is important to know that IA not only can occur in patients with a diag-
nosis of epilepsy already known but alsomay be the ﬁrstmanifestation of
the patient's epilepsy.
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